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The  preparation  of  ClF2Ci04,  CIF^CICU,  C1F?N03,  C1F7N0?> 
CIF2NO  and  of  similar  Cl,  F,  N,  0  containing  compounds  is  being 
investigated.  Some  evidence  was  obtained  for  the  existence  of 
C1F2N0  or  C1F-N0F,  but  it  was  shown  to  have  a  lower  thermal 
stability  chan  the  CIF^NOF  complex. 


_  0  _ 


Abstract 


This  is  the  second  Quarterly  Technical  Summary  Report  of  our 
second  year's  investigation  of  complexes  based  on  chlorinetrifluoride . 

The  reaction  of  nitrogen  pentoxide  and  chlorinetrif luoride  did 
not  result  in  the  desired  CIF^^NO,".  The  main  product  isolated  was 
nitrylfluoride .  The  small  amount  “’of  residue  obtained  did  not  contain 
chlorine  in  any  valency  state. 

’Then  chlorinetrif luoride  reacted  with  fuming  nitric  acid  again 
no  ClF?*ri'JO^‘*  could  be  detected.  A  solid  residue  of  low  thermal 
stability  ’was  obtained,  which  also  did  not  contain  any  chlorine. 

In  the  vapor  phase  the  presence  of  CIC^F  was  established. 

The  reaction  between  NO?  and  C1F  gave  a  solid  complex  at  -78°C., 
which  rapidly  decomposed  at  slightly  higher  temperatures.  No  complex 
formation  was  observed  between  C10-F  and  C1F  in  the  range  of  -78°C. 
to  room  temperature.  J 
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Introduction 


Our  earlier  studies  on  the  reaction  of  nitrates  and  perchlorates 
with  chlorinetrif luoride  did  not  shew  the  formation  of  the  expected 
dif luorochlorinium  salts.  With  AgNQ~  the  products  were  NO^F  and 
AgF?,  with  KCIO,  no  reaction  took  place.  Investigations  were  con¬ 
tinued  to  obtain  ionic  compounds  containing  both  anions  and  cations 
of  high  energy  For  this  purpose,  the  reactions  of  chlorinef luorides 

NOF  anc  CIO-F  were  studied. 


with 


riNO^ ,  i\ 


Discussion 


Reaction  between  chlorinetrif luoride  and 
The  following  reaction  was  desired: 


noJncu' 

2  0 


Cl 


r  o 


NC2F 


cif2+no. 


The  reactants  ware  condensed  together  at  -19c°C.  Upon  warming  up  a 

vigorous  reaction  took  place  as  soon  as  the  chlorinetrif luoride 

melted.  The  volatile  products,  analyzed  by  IR  spectroscopy,  consisted 

of  NQ0F  and  excess  GIF.,,  but  no  chlorinemonof luoride  was  detected, 
z  o 

A  small  amount  of  solid  residue  was  obtained,  which  was  stable 
up  to  room  temperature,  although  it  slowly  deliberated  nitrous  vapors. 
The  analysis  showed  high  fluorine  and  nitrogen,  but  no  chlor;ne  con¬ 
tent.  The  absence  of  the  dif luorochlorinium  cation  was  also  indicated 
by  its  mild  reaction  with  water  in  which  it  was  clearly  soluble. 
Analysis  excludes  the  possibility  of  hexaf luorosilicate  salt.  It 
could  be  a  complex  between  KF  and  nitrogenoxides  or  nitrogenoxyfluor- 
ides .  Its  composition  is  under  further  study. 


Reaction  between  chlorinetrif luoride  and  nitric  acid 


The  fluorination  of  nitric 
fluerinenitrate  according  to  the 


acid  with  elementary  fluorine  gives 
following  equation!^-): 


HNO.  - 

3 


If  the  fluorination  cf  HNO,  is 

fluoride,  the  formation  of  CIF^NO* 
’  2  3 


carried  out  with  chlorinetri- 
might  be  expected: 


HNO~  4-  -  y  C1F0+NQ,"  4-  HF 

5  o  2  3 


The  reactants  were  brought  together  gradually  at  -78°C.,  where 
a  vigorous  reaction  took  place.  The  volatile  part  of  the  reaction 
mixture  contained  SiF^,  ciC^F,  GIF.,  HRO^,  ^2^4  anc*  ^9  •  ^  white 


(1)  Cady,  G.  H.,  J.  Am.  Chem.  Soc .  56_,  2635  (1934) 


solid  material  was  left  after  the  evaporization  of  the  volatile 
part,  which  melted  at  around  -10°C.  In  molten  state  it  reacted 
rapidly  with  the  quartz  container  under  the  formation  of  SiF^. 

The  liquid  residue  consisted  of  nitric  acids  and  nitrogen  oxides. 

In  the  reaction  of  chlorinatrif luoride  with  AgNO~,  HNO-,  and 
N90c,  nitrylf luoride  was  obtained  as  main  product.  This  might  be 
explained  by  the  following  two  equations: 

C1F2+N03'  — — — :  C1F  4  S03F 

N03F  - ->  NO?F  +  1/2  02 

The  second  reaction  was  investigated  by  Cady  and  found  to  be 
cstalyzau  by  fluorine  and  nitrogen  oxides .  By  the  continuous 
decomposition  of  N0~v  the  first  equilibrium  could  be  shifted  com¬ 
pletely  to  the  right. 

Complex  formation  of  chlorinemonof luoride 


Difluorochlorinium  cation  containing  compounds  were  prepared 
in  the  past  from  chiorinetrif luoride  by  the  abstraction  of  a  fluorine 
anion.  Theoretically  they  could  be  prepared  from  chlorinemonofluor- 
ide  according  to  the  following  reaction  equation: 

C1F  4-  FX - r - -  C1F9+X" 

The  actual  reaction  mechanism  can  involve  the  formation  of  an 
intermediate  complex  without  the  formation  of  a  fluorine  cation, 
which  would  require  a  high  activation  energy. 

Reactions  between  CIF^  and  FX  such  as  NOF  are  known.  In  these 
cases,  however,  the  chiorinetrif luoride  acts  as  Lewis  acid 

cif3  4-  nof  - -  no+cif4" 

The  reaction  of  NOF  with  chlorinemonof luoride  in  CFC13  as  a 
solvent  was  found  to  give?  a  solid  complex  at  -78°C._,  but  it  decomposed 
rapidly  at  slightly  higher  temperatures.  During  the  decomposition  a 
blue  color  developed,  indicating  the  presence  of  nitrogenoxygen  radi¬ 
cals  . 


In  the_complex  formation  between  NOF  and  C1F,  the  existence  of 
either  NOF2"  or  C1F2”  might  be  expected.  So  far  both  anions  are  un¬ 
known  .  " 

Under  similar  conditions  no  interaction  was  observed  between 
C103F  and  chlorinemonof luoride . 


(2J  Cady  G.  H.,  Skions,  W.  E.,  J.  Am.  Chem.  Soc .  80,  5640  (1958) 


J 


r  i  r-i  An 

i  - .  v  ;  j  v.  —  J. 


Starting  materials 


Chloriuetrif luoride  was  purified  as  described  in  earlier 
reports.  Perchlorylf luoride  was  obcaine  '  from  Pennsalt  Chem.  Co., 
while  C1F  and  NOF  came  from  Czark-.tahoning  Co.  They  were  used  with¬ 
out  further  purification.  Red  fuming  nitric  acid  (3&A)  was  purged 
slowly  with  oxygen  until  it  turned  to  yellow.  Mi trogenpent oxide 
was  prepared  from  nitric  acid  ^r.d  phosphorus  pentoxide .  The  product 
was  purified  by  fractional  sublimation.  Trichlorof luoromethane  was 
obtained  from  Matheson  Co. 


Reaction  of  nitrogenpsntoxide  with  chlorinetrif luoride 

Five  grams  of  nitrogenpentoxicte  was  sublimed  into  a  trap  in 
the  vacuum  line  and  an  excess  of  chlorinetrif luoride  (appr .  15  ml.) 
was  condensed  into  the  trap  at  -196°C.  The  trap  was  warmed  up  ery 
cautiously  and  upon  the  malting  of  the  chlorinetrif luoride  a  vigorous 
reaction  took  place .  A  homogeneous  dark  brown  solution  formed.  The 
reaction  products  were  condensed  at  -196  C.  in  another  trap  and 
fractionated.  The  fractions  were  identified  by  their  IR  gas  spectra 
using  a  10  cm  long  cell  with  AgCl  windows .  Beside  CiP-,  nitryi  fluor¬ 
ide  was  found  to  be  the  main  product.  ..hen  the  reactiSn  was  carried 
out  with  less  pure  nitrogenpenxoxide ,  CiO^F,  N0?>  No0A ,  RNO,  and  an 
unidentified  compound  with  absorption  at  r745  and  1732  cm-l^vas  de¬ 
tected  in  smaller  quantity  in  addition  to  nitryi  fluoride. 


After  the  evaporization  of  the  volatile  part,  a  soxid  white 
material  was  obtainae  (15C  mg)  which  was  stable  up  to  room  tempera¬ 
ture.  Quantitative  analysis  gave  the  following  results:  F  =  34.6, 
35.1%;  Acidity,  23.35  meq/g . 

Reaction  between  nitric  acid  and  chlorinetrif luoride 


fuming  nitric  acid  was  added  dropwise  to  10  mi 
trap  at  -76° C.  A  vigorous  reaction  took  place 


'  rl  r*.  I G  r 


Two  ml .  of  red 
of  C1F0  in  a  quartz 

and  thd  reaction  mixture  was  v orked  up  similarly  as  describee  ocioit; 
The  volatile  part  was  composed  of.  as  identified  by  their  Ik  spectra, 

u0F,  M0r, ,  ENG~ .  A  white  solid  residue  was  obtained. 

__  _  __  _ round  -lu^C.  dno  reacted  rapidly  with  the  quartz  con¬ 

tainer  deliberating  SiF, .  After  the  reaction,  a  liquid  remained  which 
was  found  to  contain  mostly  nitric  acid  with  some  dissolved  nitrogen 
oxides . 


Sir.,  C1F3, 
It  melted  at 


Complex  formation  between  nicrosy If luoride  ai  i  GIF 


Ten  mi.  of  chlorinetrif luoride  was  condensed  into  a  two -necked 
flask  at  -75&C.  ar.d  nitrosyl fluoride  was  introduced  in  a  slow  scream. 
The  precipitation  or  a  white  crystalline  solid  was  observed.  The 
excess  chlorinetrif luoride  was  pumped  off.  The  remaining  white  solid 
started  to  decompose  at  around  0°C. 


-  0  - 


forma tion  between  r.itrosvif luoride 


and  Cl? 


?ifty  ml.  of  CCi^F  was  placed  in  a  two-necked  flask  and  it 
was  saturated  with  Cl?  ko.p.  =  L01°C.)  at  -78°C.  Th^n  nitrosyl- 
fiuoride  was  passed  into  the  solution  at  the  same  temperature  and 
the  precipitation  of  a  white  solid  was  observed.  As  the  temperature 
'was  raised  slightly,  the.  solid  started  to  decompose  with  a  blue  color. 


Reaction  of  percnlorylf luoride  with  Cl? 


The  reaction  was  carried  out  as  described  above,  but  instead 
of  nitrosy if luoride ,  perchiory If luoride  (C10-F)  was  bubbled  in. 

No  solid  formation  was  observed  later  when  tne  temperature  was  in 
creased  gradually  to  -i-20°C. 

Miscellaneous 


A  few  weeks  were  lost  because  o 
designed  laboratory  from  our  tempers 


f  moving  to 
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